Background: Staphylococcus aureus and beta-hemolytic streptococci (BHS) diseases disproportionately affect populations in middle/low-income countries. To assess if this disparity is reflected in colonization by these organisms, we compared their colonization frequency among children from different socioeconomic status (SES) communities in a city with high income inequality. Methods: Between May-August 2014, we collected nasal and throat swabs to investigate S. aureus and BHS colonization among children who attended private and public pediatric clinics. Patients were classified as high SES, middle/low SES, and slum residents. We investigated the antimicrobial resistance profile, the SCCmec types and the presence of PVL genes among methicillin-resistant S. aureus (MRSA). We also examined the antimicrobial resistance profile and serogroups of BHS. Results: Of 598 children, 221 (37%) were colonized with S. aureus, of which 49 (22%) were MRSA. MRSA colonization was higher in middle/low SES (n = 18; 14%) compared with high SES (n = 17; 6%) and slum (n = 14; 8%) residents (p = 0.01). All MRSA strains were susceptible to clindamycin, nitrofurantoin, and rifampin. The highest nonsusceptibility frequency (42.9%) was observed to erythromycin. SCCmec type V was only found in isolates from high SES children; types I and II were found only in middle/low SES children. Ten (20%) MRSA isolates carried PVL genes. Twenty-four (4%) children were BHS carriers. All BHS (n = 8) found in high SES children and six (67%) isolates from slum patients belonged to group A. All group B streptococci were from middle/low SES children, corresponding to five (71%) of the seven BHS isolated in this group. BHS isolates were susceptible to all drugs tested. Conclusions: Children from different SES communities had distinct bacterial colonization profiles, including MRSA carriage. Public health officials/researchers should consider SES when assessing disease transmission and control measures.
Background
Staphylococcus aureus and beta-hemolytic streptococci (BHS), including Streptococcus pyogenes (group A streptococci, GAS) and Streptococcus agalactiae (group B streptococci, GBS), are Gram-positive bacteria that cause a range of infections, from mild cutaneous and upper-respiratory infections to invasive bloodstream and respiratory infections [1] [2] [3] . They permeate our environment, and can be found in food, hospitals, schools, childcare centers, and households [4] . These bacteria, especially S. aureus and S. pyogenes, can also asymptomatically colonize the human upper respiratory tract and the skin, making their spread difficult to control in a population. In a susceptible host, colonization can be a major risk factor for disease [5] .
In children, S. aureus is one of the organisms most frequently isolated from patients with healthcare-associated infections, causing not only skin and soft tissue infections, but also invasive infections, such as bacteremia, osteomyelitis and septic arthritis [6] . Despite the low mortality rate (1-2%) for hospitalized children with methicillin-resistant S. aureus (MRSA) infection, there seems to be an increasing trend in the incidence of MRSA infections in such children [7] . Also, MRSA bacteremia in pediatric patients has been frequently associated with treatment failure and complications [8] .
Methicillin resistance is encoded by genes organized in the staphylococcal cassette chromosome mec (SCCmec). To date, 13 SCCmec types (I-XIII) have already been described [9] . In addition, community-associated MRSA (CA-MRSA) strains often contains the Panton-Valentine leucocidin (PVL), which may be associated with severe diseases, such as necrotizing pneumonia [10] .
The prevalence of GAS infections is higher among children, which is considered as a 'hazard' in school-aged children [11] . In addition, 319,000 infants were estimated to have disease caused by GBS globally in 2015, and approximately 7000 of these patients presented with neonatal encephalopathy [12] .
While these pathogens represent a major public health burden among pediatric populations globally, diseases caused by these pathogens disproportionately affect populations in middle-and low-income countries [13] . Resource-poor communities, such as urban slums, have conditions that enhance the spread of bacteria, including crowding, untreated water, open sewage, and poor access to or uptake of health care services [14] . Although now classified by the World Bank as an upper-middle-income country in 2014, Brazilian cities have very high income disparity, with slum and high-income communities located in close proximity. Despite a high gross domestic product (GDP) of $USD 1.79 trillion, over 11 million people live in informal settlements or slums in Brazil [15] .
While the incidence of diseases caused by these Gram-positive bacteria differs between high-income vs. middle and low-income populations, colonization frequency and strain characteristics by socioeconomic status (SES) in children residing in the same city is not well characterized. As varying living conditions among communities may result in different disease prevalence and transmission pathways, we investigated S. aureus and BHS colonization patterns among children living in high and middle/low SES, and slum communities. We compared risk factors for colonization and drug resistance of the isolates by SES group in the same city.
Methods

Study sites and population
For this cross-sectional study, we recruited children who attended two private pediatric clinics and one public pediatric clinic for primary care or routine follow-up. Study clinics were located in the city of Niterói, in Rio de Janeiro metropolitan area, Rio de Janeiro state, Brazil. In 2014, the city had a population of approximately 488,000 [16] and a Gini index (an economic measure of inequality) of 0.60, a ranking consistent with Gini indexes of the 10 most unequal countries in the world [17] . The private clinics provide care for children who have private health insurance or who pay out-of-pocket; both clinics are located in the high-income neighborhood in the western section of the city. The public clinic provides free health care to any child through the Brazilian national public health care system (Unified Health System-Sistema Único de Saúde or SUS). The clinic is part of a primary care facility, located on the border between middle/low SES and slum neighborhoods in the eastern section of the city. The private clinics are 1.7 km apart from each other and approximately 8 km from the public clinic.
Patient recruitment and specimen collection
All children less than 18 years of age were consecutively recruited from May 12th to August 12th, 2014. Each of the clinics were sampled alternately for three half-day recruitment sessions per week. The number of recruited children was monitored weekly to assure corresponding sample size recruitment in each clinic per week. Age-appropriate written assent was obtained for children 7 years of age or older and verbal assent for children under 7 years of age. Following legal guardians' written consent, one nasal swab and one throat swab were obtained from each child. Swabs were immediately placed into a tube containing Stuart medium until transported to the laboratory on the same day. A questionnaire for clinical and socioeconomic data was completed by child's legal guardian using the mobile data collection application Magpi (Magpi, Washington, DC).
Laboratory processing and characterization of the isolates
We used the mannitol salt agar to isolate staphylococcal colonies from nasal swabs and we identified S. aureus using catalase and coagulase tests. Staphylococcal isolates were tested for antimicrobial resistance against 30-μg cefoxitin and 1-μg oxacillin by the disk-diffusion method to identify MRSA strains [18] . Resistance was then confirmed by the presence of the mecA gene via polymerase chain reaction (PCR) [19] . Multiplex PCR was used to assess SCCmec type for MRSA isolates [19] . Presence of PVL genes was investigated by PCR [20] . BHS colonies were detected by culture on 5% sheep blood agar plates and their phenotypic identification was performed by determining the group carbohydrate antigen (Lancefield groups A, B, C, F, and G), susceptibility to 0.04 U bacitracin and PYRase activity [21] . Antimicrobial susceptibility testing was performed by the disk-diffusion method on Mueller-Hinton agar (MHA) plate for MRSA strains and on MHA with 5% sheep blood agar plate for BHS [18] . The antimicrobial agents tested for MRSA were: 5-μg ciprofloxacin, 5-μg chloramphenicol, 2-μg clindamycin, 15-μg erythromycin, 10-μg gentamicin, 300-μg nitrofurantoin, 5-μg rifampin, 1.25/ 23.75-μg trimethoprim-sulfamethoxazole, and 30-μg tetracycline. For BHS, the following antimicrobial agents were tested: 30-μg ceftriaxone, 2-μg clindamycin, 15-μg erythromycin, 5-μg levofloxacin, 10-UI penicillin G, 30-μg tetracycline, and 30-μg vancomycin.
Data analysis
We estimated that 600 children would be needed to detect a difference of 10% in MRSA and BHS colonization between private and public clinics, with a two-tailed α of 0.05 and a (1-β) of 0.80, for a comparison of two independent proportions. Final estimate accounts for a conservative 20% potential missing data/sample rate. This difference is based on previous studies on MRSA in the same city [22] and GAS in Salvador, Brazil [23] .
For this analysis, we classified pediatric patients into three SES groups based on clinic attended and self-reported slum residence: high SES children were those who attended the private clinic and self-reported non-slum residence; middle/low SES were those children who attended the public clinic and self-reported non-slum residence; and slum children were those who attended either a public or private clinic and self-reported slum residence. To support the use of this SES classification, patient addresses were also geocoded with Google Maps API v3 and mapped in ArcGIS 10 (ESRI, Redlands, CA). Patient addresses were then overlaid with census tracts to determine proximity to or residence inside of a slum, defined by the Brazilian government as aglomerados subnormais (AGSN). An AGSN has at least 51 housing units on illegally occupied land with non-municipal approved construction or insecure access to essential public services [15] .
Household salary is presented in USD based on the average USD:BRL exchange rate during the study period of 1:2.24 and categorized as multiples of the Brazilian monthly minimum wage in 2014 (USD $324).
We used Chi-squared tests, or Fisher's exact tests (two--tailed) when appropriate, to assess associations between categorical variables and the outcomes of interest. We also used t-tests, or ANOVA tests when appropriate, to assess associations between continuous variables and the outcomes of interest. Variables found to have a statistically important association, defined as p < 0.10, were included in the regression analysis. Factors significant in the bivariate logistic regression or suspected to be potential confounding factors were included by step-wise variable selection to build the multivariate regression model. Lack of fit of the regression model was assessed by failure to reject the Hosmer and Lemeshow Goodness-of-Fit Test. Statistical analyses were carried out in SAS University Edition (SAS Institute Inc., Cary, NC).
Results
Of 682 pediatric patients invited to participate, 598 (88%) consented and were enrolled, including 298 children from private clinics and 300 children from public clinic. Non-participation frequency was 10% (33/332) in the private clinics and 14% (50/350) in the public clinic. Most frequent reasons for non-participation included children who were vomiting or too fatigued to participate at recruitment, not enough time, and legal guardian under the age of 18 years.
Patient demographic characteristics were consistent with patient SES group, with high SES, middle/low SES, and slum groups, being significantly different across all demographic characteristics investigated except gender ( Table 1 ). The mean age of children classified in high-income group was 3.2 years compared to 5.9 years for children from middle/low-income neighborhoods and 6.3 years for children from slum community (p < 0.01). Mean monthly income of slum residents was $669, compared to $1005 for middle/low-income and $3500 for high-income residents (p < 0.01). Slum residents were more likely to be geocoded as living in a slum census tract (AGSN) compared to other groups (p < 0.01).
Of the 598 children included in this study, 221 (37%) were colonized with S. aureus, of which 49 (22%) were colonized with MRSA. All MRSA strains were susceptible to clindamycin, nitrofurantoin, and rifampin. Lower resistance frequencies among MRSA were observed for ciprofloxacin, chloramphenicol (2% each), gentamicin, trimethoprim-sulfamethoxazole (6.1% each), and tetracycline (12.2%). Non-susceptibility to erythromycin made up 42.9%, comprising two (4.1%) intermediate and 19 (38.8%) resistant isolates. Multidrug resistance was observed in eight (16.3%) MRSA strains, which presented resistance to beta-lactams and to other two or three classes of antimicrobial agents. BHS colonization was observed in 24 (4%) of the 598 patients. All BHS isolates were susceptible to all antimicrobial agents tested. Table 2 shows the difference in colonization with BHS serogroups and MRSA SCCmec type distribution. BHS colonization did not differ significantly between SES (p = 0.30). However, BHS serogroup differed significantly among the three SES groups (p < 0.01). GAS was the most frequent BHS found among the population investigated, comprising 15 (62.5%) of the 24 isolates. Colonization with S. aureus varied between 32 and 42% among SES groups, but it was not statistically significant (p = 0.09). However, colonization with MRSA was more common among middle/low-SES patients (p = 0.01). MRSA SCCmec type IV was the most frequent type across all three SES and all 10 (20.4%) isolates that had the PVL genes carried this type. All the SCCmec types found among the isolates, but type III, were associated with multidrug-resistant (MDR) strains. Resistant to gentamicin was only observed among the three MDR strains that carried the PVL genes.
Differences in BHS serogroups and S. aureus SCCmec types
Risk factors for MRSA colonization
Income (p = 0.03), income stability (p = 0.01), and number of household (p = 0.03) were variables associated with MRSA colonization. Age (p = 0.05) and receiving government financial assistance (p = 0.05) were also included in the multivariable logistic regression analysis as potential confounding factors. In the bivariate regression analysis for all patients, those attending the public clinic and living in a household with an unstable income had significantly higher odds of MRSA colonization (OR = 1.98, 95% CI 1.08-3.65 and OR = 2.45, 95% CI 1.26-4.76, respectively) ( Table 3) .
However, in the multivariate regression model, neither of these factors remained significant after adjusting for income. Only children from households with a monthly income $971-$1938 had a significantly higher adjusted odds of MRSA colonization in comparison to children from households with a monthly income of $0-$970 (AOR = 3.40, 95% CI 1.45-7.98). In the stratified logistic regression analysis by clinic, no risk factor for MRSA colonization was significant among patients examined at the private clinic (data not shown). For patients examined at the public clinic, living in a household with a monthly income of $971-$1938 continued to be a significant risk factor for MRSA colonization in the adjusted model (AOR = 4.84, 95% CI 1.90-12.31). Slum residence was found to be a protective factor among children who visited the public clinic (AOR = 0.40, 95% CI 0.17-0.97).
Risk factors for BHS colonization
Among all patients, BHS colonization by any serogroup was associated with age ≥ 5 years and school attendance (p < 0.05). Among clinical characteristics for all patients, attending the clinic due to symptoms/illness (p = 0.01), having an earache (p = 0.03), sore throat (p < 0.01), upper respiratory tract infection (p = 0.04) or rhinitis (p = 0.01) were associated with the presence of BHS (data not shown). Being 5 years of age or older and attending school were found to be significant risk factors for BHS colonization in the multivariate regression analysis 
Discussion
We observed differences in S. aureus and BHS colonization among pediatric patients from different SES communities living in the same city in Brazil. Middle/ low SES patients were found to be more frequently colonized with these bacteria than high-income and slum resident patients. Bacterial isolates from middle/low-income children had the highest diversity in both MRSA genetic characteristics and BHS serogroups, covering four of the five SCCmec types and all BHS serogroups. In Brazil, middle/low SES neighborhoods tend to be on the border of slums, sometimes referred to as the "periphery", between industrial or commercial zones and high SES neighborhoods. Despite the relation of slum areas with low sanitation resources [14] , slum residence was not a risk factor for MRSA colonization among children attended in the public clinic. Differences in S. aureus, MRSA, and S. pyogenes colonization prevalence between SES communities in Niterói mirror differences in the prevalence of these pathogens between high-income and low-and middle-income countries (LMIC). Here, S. aureus colonization prevalence was 32% among high-income SES children. This frequency is similar to that found in healthy or outpatient children in high-income countries, such as USA (35-37%) [24, 25] , Canada (24%) [26] , Taiwan (29%) [27] , China (28%) [28] , as well as in some LMIC, such as India (35%) [29] , Botswana (52%) [30] , Iran (28%) [31] , Gambia (25%) [32] and Angola (44%) indicates not included in the analysis or not applicable. NA refers to categories for which there were no subjects, and therefore, odd ratios could not to be calculated [33] . However, the colonization frequency (40%) found among middle/low-income SES group and slum residents was higher than found in most of these countries, but similar to those found among public childcare centers in Brazil (47-48%) [22, 34] . A study in Iran also found lower income to be independently associated with S. aureus colonization frequency [31] . MRSA colonization among all SES groups (8.1%) in Niterói was higher than frequencies observed in high-income populations (≤ 1%), such as in USA, Canada, northern Europe, and Hong Kong [28] . However, the difference in colonization prevalence between high and low SES groups observed in the present study (6% vs. 14%) reflects differences in prevalence among children from these high-income populations compared with 6-29% in populations from LMICs, such as Iran, Botswana, Angola, India [29-31, 33, 35] , and public childcare centers in Brazil [22, 34] .
In general, MRSA strains had low frequency of resistance to other antimicrobial agents, except to erythromycin. SCCmec types IV and V are frequently found in CA-MRSA [34] and, in the present study, type IV was found in the majority (84%) of the MRSA strains. The prevalence of PVL-positive strains is usually high among CA-MRSA involved in severe diseases, and may reach as much as 90% [10] . In this study, we detected the PVL genes among 20% of the MRSA strains. Since we focused on colonization isolates, the genotypes responsible for colonization may differ from those associated with invasive/severe diseases.
BHS colonization frequency was low (4%), similar to another study conducted in southern Brazil (5.6%) [35] . However, the small sample size limited our ability to investigate differences in colonization and risk factors by SES. None of the isolates was resistant to any antimicrobial agent tested. Of note, none of the children colonized with GAS had a household history of rheumatic fever, a disease commonly associated with GAS in developing countries [1] . Interestingly, groups B, C and G streptococci, which also colonize cattle, dogs, and other mammals [2] , were only found among middle/low SES children and slum residents. Most participants' legal guardians did not report having animals in the house, but the presence of these bacteria could represent exposure to non-domesticated animals or animal products through poor living conditions or contaminated food.
A major limitation of this study is that some children with symptoms may have the disease caused by the bacteria investigated, especially BHS and sore throat. However, colonization is usually the first step of the infectious process and viruses cause most of the upper respiratory tract diseases. If we excluded symptomatic children from the analysis, we would exclude patients with viral infections. Also, the prevalence of children with symptoms did not differ between subpopulations and, therefore, does not affect the main conclusions of this report. In addition, parents may be more likely to take their children in for routine care when the child has an acute illness, resulting in a higher likelihood of bacterial colonization among our study population. However, these factors are likely to occur in both private and public pediatric populations and we would not expect them to decrease the association with SES found in the present study. Another important limitation was the difference in age between the private and public clinics, given older children are more likely to be colonized with BHS [11] . This was further demonstrated in the present study by age > 5 years and attending school being risk factors for BHS colonization. Finally, the classification of pediatric patients into three SES groups may be a possible limitation, since self-reported residence location and type of clinic attended do not assure the socioeconomic status of the patients; however, the criteria we used to divide the patients into three subpopulations are very well described and support our analyses.
Conclusions
Our study demonstrates that subpopulations from different SES strata within the same city may have different exposures or risk factors for bacterial transmission and drug resistance. Children living in middle/low SES communities were more likely to be colonized with S. aureus, MRSA, and BHS. We also observed variation among BHS serogroups and MRSA SCCmec types. While living conditions in slum communities would suggest they are at higher risk, residents who live on the periphery of slums or living at the intersection of extreme poverty and high income were shown to be at higher risk for both bacterial colonization and drug resistance. This study also supports the importance of including a representative sample of different SES subpopulations for research on disease transmission or prevalence studies in cities with high income inequality. Public health officials also should consider differences in transmission across SES subpopulations when developing public health interventions and conducting outbreak investigations for bacterial infections. 
Availability of data and materials
The datasets used and/or analyzed during the current study available from the corresponding author on reasonable request.
